Background: Patients with acute ischemic stroke are at a higher risk of developing cognitive impairment which could be often attributed to cytokine activation. Objectives: To explore the relationship between the cognitive performance and the inflammatory markers in the ischemic stroke patients at the early stage. Patients and methods: A cross-sectional case-control study was performed on 44 ischemic stroke patients. The patients underwent the following battery of evaluation: (A) assessment of stroke disability by modified Rankin Scale 
Introduction
Cerebrovascular stroke was considered to be the third cause of death and morbidity worldwide. Although different mechanisms are involved in the pathogenesis of stroke, there is increasing evidence showing that inflammation could play a role in stroke progression, at least in acute phase [1] , several inflammatory mediators may be involved in pathogenesis of acute stroke including CRP (C-reactive protein), interleukin-1b (IL-1b), IL-6, IL-8, IL-12, and IL-10 and may have prognostic role after the acute ischemic stroke [2] .
The cognitive impairment observed in post-stroke patients was variable. It could be global cognitive deficits or domain-specific impairments including executive dysfunction, short-term memory problems and language, and visuospatial disabilities [3] . Cognitive impairment is often associated with cytokine activation [4] .
The identification of clinical determinants and laboratory markers of post-stroke cognitive deficits may help to detect the patients at increased risk of cognitive deterioration and to prevent or delay the occurrence of poststroke cognitive impairments. Although the inflammatory processes have been implicated in the pathogenesis of stroke, their role in the complex pathophysiological mechanism of post-stroke cognitive impairment is not completely understood [5] . This study aimed to explore the relationship between the cognitive impairment to the inflammatory markers in the ischemic stroke patients (within the first 48 h).
Patients and methods
This study is a case-control cross-sectional study included 44 patients presented with acute ischemic stroke in the first 48 h with age ranged from 21 to71 years old. The patients were collected from the emergency department, Neurology Outpatient Clinic, Fayoum University from October 2015 to September 2016. The patients and the control groups had written informed consent to participate in the study.
Forty-four age, sex, and educational level matched healthy individuals were included as a control group for comparison of the psychometric tests. They had no neurological disorders, cognitive dysfunction, or any vascular risk factors.
The sample size was calculated using EpiCalc 2000. The least required sample size based on a previous study [6] assuming power of study 90% and significance level 5%, thus least size required to be 10 per group.
The patients were excluded from the study if they presented with disturbed conscious level, aphasia, severe dysarthria or patients who had a history of psychiatric troubles or were receiving psychotropic drugs that could interfere with their ability to complete the psychometric assessments. The patients presented with neurological deficits that could be attributed to other causes such as acute infection, vasculitis and other inflammatory disorders such as neurosarcoidosis or Behçet's syndrome were excluded particularly in patients' age younger than 45 years. The patients presented with hemorrhagic stroke as it could be due to different etiology and clinical course or patients presented with metabolic disorders such as renal, hepatic, and autoimmune diseases with elevated ESR or interleukins levels were also excluded from the study.
All the ischemic stroke patients underwent an assessment of severity of disability using modified Rankin Scale (mRS) and National Institute of Health Stroke Scale (NIHSS). Moreover, the patients subjected to the following neuropsychological battery of evaluation within the first 48 h including screening neuropsychological tests using Folstein's Mini-Mental State Examination (MMSE) [7] and Montreal Cognitive Assessment (MoCA) [8] with Arabic edition [9] . It was postulated that MoCA is an increasingly popular cognitive screening tool that it has been shown to have better sensitivity in detecting post-stroke impairments compared with the MMSE [10] . The national guidelines of the UK (2013) [11] recommended that all patients should be assessed for cognitive impairment within 6 weeks post-stroke using a validated tool, particularly the MoCA. It is thought to be containing more items assessing important domains such as executive functions and attention that are frequently affected in post-stroke patients than MMSE [9] .
The Trail Making Test (TMT) was used for assessment of executive functions, the original trail making test was a paper a pencil test with two parts. In part A, the individual was asked to draw lines between 25 consecutively numbered circles spread randomly across a sheet of paper. Part B is more difficult; the participant is asked to draw lines alternating between numbers and letters in sequence. They are asked to complete the task as quickly as possible without lifting the pencil from the paper. The test takes a maximum of 5 min to complete [12] with Arabic edition [13] . Controlled Oral Word Association Test (COWAT) [14] was used for assessment of verbal fluency with Arabic edition [15] . Assessment of depression was done by Beck Depression Inventory-II (BDI-II), normative data: below10 and 11-16 corresponding to mild mood disturbance) [16] .
Laboratory tests including CBC, kidney functions, liver functions, and serum glucose level were performed to exclude patients with metabolic disorders. Lipid profile including total cholesterol, triglycerides, separated using autoanalyzer by colorimetric method, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) levels were withdrawn after at least 10 h of fasting from the patients and controls.
Serum level of interleukin 8 (IL-8) was withdrawn within the first 48 h of the ischemic stroke. Serum suspension was centrifuged at 1500×g for 10 min within 30 min and directly frozen and stored at − 80°C until analysis. The level of IL-8 was measured using enzymelinked immunoabsorbent assay (ELISA) method . serum CRP level was measured using enzyme-linked immunosorbent assay (ELISA) with normal value below 6 mg/dl.
The patient underwent brain neuroimaging using magnetic resonance imaging (MRI) on TITAN TOSHIBA 1.5 Tesla (diffusion weighted image) or computed tomography (CT) on TOSHIBA multislice detector, Japan, in the Radiology Department, Fayoum University Hospital, in order to evaluate the localization and size of the ischemic infarction.
Statistical analysis
Statistical Package for Social Science IBM (SPSS) version 18 (2010) was used for data analysis. Qualitative data were presented as percentages, quantitative data were presented as arithmetic means and standard deviations. The Mann-Whitney test was used for comparison of quantitative variables. Spearman's test was used for correlations. The level p < 0.05 was considered the cut-off value for significance.
Results
The demographic data of the patients and controls were illustrated in Table 1 . There was no significant difference in age, sex, or educational level between them. The distribution of the vascular risk factors among the patients was shown in Fig. 1 . It was shown that 36 patients (81.8%) presented with manifestation of anterior circulation ischemia, and 8 patients (18.2%) presented with manifestation of posterior circulation ischemia. The mean National Institutes of Health Stroke Scale (NIHSS) score was 4.3 ± 2.1. The mean modified Rankin Scale (mRS) score was 1.8 ± 0.86. As regards the neuroimaging of the brain, it was found that 37 patients (84.1%) presented with supra-tentorial lesions, and 7 patients (15.9%) presented with infra-tentorial lesions. Nineteen patients (43.2%) presented with left side infarction and 25 (56.8%) presented with right side infarction.
The patients showed significantly worse performance in the neuropsychological tests than the controls as shown in Table 2 . There was a significant difference as regards Beck depression inventory (BDI) between the patients (10.3 ± 4.5) and the controls (7.7 ± 3.4) (p < 0.001). There was a statistically significant negative correlation between BDI-II score and MMSE score (r = − 0.33, p value = 0.03). On the other hand, there was no statistically significant correlation found between depression and MOCA (r = − 0.21, p = 0.2), TMT-B (r = 0.23, p = 0.1), COWAT-semantic (r = − 0.17,p = 0.3), and COWAT-phonemic (r = − 0.27, p = 0.08) tests.
The patients showed significantly higher serum level of IL8 (47.6 ± 8.3) than the controls (14.6 ± 5.9) (p < 0.001). There was a statistically significant negative correlation between the serum level of IL-8 and MOCA (r = − 0.43, p = 0.004) as shown in Fig. 2 , COWATsemantic (r = − 0.56, p < 0.001), and COWAT phonemic (r = − 0.61, p < 0.001) tests. Moreover, there was a significant positive correlation with TMT-B (r = 0.61, p < 0.001), and serum IL8. On the other hand, there was no statistically significant correlation between MMSE score (r = − 0.27, p = 0.08) and the serum level of IL-8.
In respect to the hemispheric dominance, the patients with dominant hemisphere infarction showed significant worse MoCA performance (p = 0.03) as shown in Table 3 . There was no significant difference in cognitive performance or serum IL-8 level between the patients in respect to localization of infarction as shown in Table 4 .
There was no significant correlation between the ESR and MMSE (r = − 0.06, p = 0.7), MoC (r = − 0.09,p = 0.6), TMT-B (r = 0.01, p = 0.9), COWAT-semantic(r = − 0.03, p = 0.8), and COWAT-phonemic (r = − 0.02, p = 0.9). As regards ESR, there was no significant difference in neuropsychological tests between the patients with positive and negative ESR as shown in Table 5 . As regards the CRP, there was no significant difference in neuropsychological tests between the patients with positive and negative CRP as shown in Table 6 .
Discussion
Patients with stroke are considered to be at a higher risk of developing cognitive impairment. The incidence of cognitive deficit increases threefold after stroke and about 25% of the stroke patients may develop dementia. Cognitive dysfunctions may result in worsening stroke prognosis and outcome [5] .
Accurate screening of cognitive impairment at the early stages of stroke is very important [17] . In this study, the patients were found to have worse cognitive performances in the first 48 h post stroke in both screening tests (MMSE and MoCA) compared to the control group. These results were in agreement with these studies [18, 19] (Figs. 3 and 4) .
Moreover, it was found that patients with acute ischemic stroke showed significantly worse performance than the controls in the executive functions and verbal Educational level(years) 10.4 ± 2.9 10.2 ± 2.9 0.8 Fig. 1 The distribution of the vascular risk factors among the patients fluency in agreement with [18, 19] . Some research had postulated that various cognitive domains are affected depending on the area of the cortex damaged and the time after the stroke. At the acute stage (< 1 month), about 72% of patients with stroke presented with executive function affection particularly speed and attention [20] . The post-stroke cognitive impairment was not stable in severity or expression. The patients with acute stroke showed significant improvement across executive functions till 3 months especially within: speed and attention, numerical ability, and perception. Transient cognitive impairment was most prevalent in the first week post-stroke (39%) compared with after this week (19%) [21] . It was found that the serum level of IL-8 was significantly elevated in the plasma of the patients in the first 48 h post stroke in comparison to control group in this study which was in concordance with [6, 22] . This could be attributed to the fact that astrocytes induce IL-8 expression in the area of brain damage. IL-8 is a potent neutrophil chemoattractant and activator leading to neutrophil accumulation, IL-8 gives rise to mechanical obstruction in the collateral microcirculation in the capillaries. Hence, IL-8 and neutrophils take part in the augmentation of ischemic damage and extent of lesions, and the elevation of IL-8 is correlated with CNS injury [23] .
Several researches had studied the association between cognitive functioning and inflammation in different neurological disorders, and few studies have evaluated the effect of inflammation on cognitive function in the acute stroke stage. In this study, the serum level of IL-8 was significantly correlated with screening MOCA test, executive functions, and verbal fluency. It was suggested that interleukin 8 has been shown to have proangiogenic properties independent of inflammatory cells that are upregulated in both tumor angiogenesis and in oxidative stress. It was hypothesized that the association between IL-8 and baseline cognitive function that we observed in these post-stroke patients may be indicative of the level of cortical damage during the initial ischemia [24] . However, we could not find a significant correlation between the IL-8 level and MMSE scores. This result was in agreement with Baune and colleagues (2008) [25] that postulated that cognitive performance among the elderly was not correlated with MMSE. These results could be attributed to that the sensitivity of MMSE is slightly lower than MoCA as screening test for detection the cognitive impairment particularly processing speed and executive function. MMSE is less capable of testing for complex cognitive impairments in domains such as visuospatial, executive function, and abstract reasoning that are commonly affected in stroke patients [26] .
In this study, it was found that patients with dominant hemispheric infarction exhibited poor performance with MoCA test. This finding agreed with Chan and colleagues (2017) [27] that hypothesized the poor performance of dominant hemisphere stroke patients on the MoCA most probably reflected the dependence of the MoCA constitutes on both receptive and expressive language skills as well as verbal working memory abilities, which are commonly involved following a dominant hemisphere stroke.
There was no significant difference found in neuropsychological evaluation between the patients' groups as regards the localization of infarction. It was observed that the prevalence of high-level cognitive impairments following stroke were somewhat independent of neuroanatomical location [28] . Alexander and Stuss [29] noticed the discrepancy between the studies' results of executive functions using neuroimaging in healthy volunteers which exhibited frontal activation during executive tasks versus patients with brain injury, they noted the limitations of conventional tests of executive functions to be correlated with location of the brain damage assuming that these tests were not actually constructed to interpret structure/function relationships.
In respect to the other inflammatory markers, it was observed that there was no association between CRP level and cognitive performance as the patients showed almost the same cognitive performance whether they had positive or negative CRP. It could be attributed to measurement of low-sensitivity CRP in this study rather than high-sensitivity CRP (hs-CRP) assay, and this could not be adequately sensitive to estimate the blood levels of CRP within the normal range (< 10 mg/L); though, the development of high-sensitivity assays for CRP (hs-CRP) had permitted detection of even minor increase of CRP [30] .
Erythrocyte sedimentation rate (ESR) is another marker of inflammation. ESR is a measure of the aggregation of erythrocytes, and their rate of sedimentation is determined by the increase in proteins, such as fibrinogen and globulins. As a consequence, ESR is subjected to less rapid change than other inflammatory markers such as CRP and accordingly is likely to be a more stable indicator of systemic inflammation [31] .
In the present study, it was found that there was no significant correlation between ESR with cognitive performance of the patients. However, the patients with positive ESR showed poor cognitive performance than those patients with negative ESR but did not reach to a significant level in agreement with [32] . Kliper and colleagues (2013) [33] postulated that higher ESR values are associated with worse performance in cognitive tests that likely represent chronic systemic inflammatory processes, rather than a consequence of the acute event.
In this study, the patients presented with acute ischemic stroke were more depressed than the control group in concordance with [34, 35] . It could be attributed to either ischemic insults affecting neural circuits especially frontal-subcortical circuits, the pallidum, and caudate which are involved in mood regulation or a psychosocial hypothesis due to social and psychosocial stressors associated with stroke resulting in reactive depression [36] .
Several studies had documented the association between post-stroke depression and cognitive functioning [37, 38] . We found a significant negative correlation between depression and cognitive impairment using MMSE. On the other hand, this study could not find a significant correlation between depression and MOCA or detailed cognitive assessment using TMT-B, COWAT-semantic, or COWAT-phonemic tests. This could be explained by the depression assessment that was performed so early within 48 h of acute ischemic stroke. However, the peak of post-stroke depression is 3 to 6 months following stroke [39] .
This study had some limitations including the inability to use high-sensitivity CRP measurement as well as lack of evaluation of other domain-specific cognitive functions such as verbal, visuospatial memory, and information processing speed in the early stage of acute ischemic stroke. Finally, the application of the transcranial duplex would be beneficial if it had been used to detect the degree of the 
Conclusion and recommendation
It was concluded that the executive function and verbal fluency were negatively correlated to IL8. So, regular assessment of serum level of IL 8 in patients with acute ischemic stroke especially those presented with cognitive impairment is recommended. Effectiveness of screening and monitoring procedures to detect inflammation and to prevent cognitive decline across acute and long-term settings were highly recommended.
